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Fort Huachuca, Arizona 85613

1, Transmittal. OSubmitted herewith is subject report of tests,

2. \Discussian.

a. e US Aruy West and BEvaluation Command (USATECOM)
test directive for the engineering/service test of the AN/GRU-1L()
PRiIS, a prototype development model, designated the US Army Avietion
Test Doard (USAAVNIBD) as a Participeting Test Authority (PTA) with
the US /rmy Electronic Proving Ground (USAEPG), Fort Huachuca, Ari-
zona, decignated as Coordinating Test Authority (CTA). The USAAVNTBD
was directed to conduct those tests necessary to determine the suwit=-
ability of PFIS for use by Army aviation. The USAAVNIBD invited the US
Army Aviation Human Research Unit (USAAHUMRU) to participate in the
service tcsz;Dtheir report is contained in Section III of inclosure.
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b.dThe concept of a low-frequency, hyperbolic navigation sys-
tem, for the use of Army aviation,was eveluated by US Ammy Europe, dur-
ing their test of the Decca Navigation System in 1959-1960. Hyperbolic
grid navigation systems, Decca being but one type, are presently being
uszd throughout the world and have been for more than twenty years. v<\

c. Representatives of USAAVI{IED went to USAEPG, Fort
luachuca, /rizona, in March 1963, to observe static engineering test:,
and to perform operational tests when IFIS vas moved to the field in
late /pril. During the period April-lugust 1963, there were numerous
problems and nalfunctions of the trensuitters and the airborne/vehicular
recelvers, major problems being the lack of lane Tdentification and sys-
tem reliability. The results obtained during this period were minimsl
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a.., 1o many areas, inconclusives About 1 August, the coumplete PFNS
cysten vas returned to Bendix-Pacific for modification.

d. After numerous modifications, the system was returned to
the Aomy on 23 September for resumption of the tests The modifications
42 the transmitters and recelvers improved the operation of PFHS to
some extent, but did not yleld the required system reliability. One
2lights would yleld very accurate reswits, but the next flight would glve
vexry noor results. This variation in results and accuracy was due to
many causes. Some of these causes were malfunction of transmitters and/
~r receivers, inaccuracies of the plotted PFNS grid on the maps, and
anomalies that exlsted in radiated pattern due tc terrain and propaga=
ticz phenomena.

30 Test Results.,
a. Excessive time was required to prerare the plotter charts.

b. The plotter charts greatly limited the aviator's flexi-
bility in accomplishing his mission. The eleven inches of plotter chart
c.ld represent a distance varying from a few hundred yards to several
niles. This distance vuried with position in the PFNS pattern and with
tie pattern of plotter charts used, If the aviator recelved instruc-
tions to proceed to a different Cestination or by a different route,
the chart he had plotted could not be used, and he had to resoxt to
manvwal plotting, using maps overprinted with the PFNS gride. This was
iapracticable end unmanageable. A coordinate coanverter or equivalent
=quipment which would permit the use of standard aeronautical charts
and tactical maps in the display would alleviate this situation.

c¢. The unreliability of the system required the aviator to
levote excessive time to checking and updating the equipment during
£lirhts This division of his attenticn from the flight instruments
areated an wasafe condition, especially during rap-of-the-eaxth flight.

ds By using PFNS, aircraft vere flown within alrway limits,
axnl locations over checkpoints vere determined as accurately as with
present navigation systems, WHEN the radiated pattern was stable, the
transmitting and receiving sets did not malfucction, and the plotter
chart was accurately drawn.

e, The loss of reception of one slave station seriously
hampered mission completion. The loss of two slave stations pre-
rented mission completion when PFUS was the only means of navigation.

f. The use of AN/GRN-14() PFUS equipment as the only aid to

navigation to make IFR flighls, flights to remote areas, and approaches
to a destination airport under veather conditions of reduced ceiling
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and vicibilit, was not practical because of transmitter and receiver
unreliability and poor repeatability.

g. Because of the size and weight, installation of the PFNS
equipment in an OV-1() surveillance-equipped alrcraft (SLAR-IR) vas
impossible.

h. The US Army Aviation Humen Research Unit found that the
"PFNS eircraft dilsplay wnit is totally unsatisfactory from the huran
factors standpoint.” b

4, Conclusion. The AN/GRN-14() PFNS as tested for Army aviation
use was not ready for service test,

5. Recommendations. It is recommended that:

a. The AN/GRN-14() PFNS as furnished for this test be given
no further consideration for Army aviation use.

b. Any redesigned PFNS equipment satisfactorily pass engi-
neering test prior to initiation of service test.

1 Incl
as Colonel, Armor
President
Info copies:
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UNIZED OWATES ARMY AVIATION TEST BOARD
Fort Rucker, Alabame

SECTION I - TEST DATA

Subtest No. 2 - Instrument Flight Rules

2., Purpose. To determine if the system can be used as a sole
means of navigation under instrument f£light rules (IFR) conditionse

b, Criteria., The PFNS shall provide a means of na¥igating an
alrcraft under instrument flight conditions from climbout, enroute,
and to approach. Tte accuracy shall be comparable to currently used
navigation systems.

c. Discussion of Test,

(1) Routes Flown. There were two routes used for the IFR
test flights,

(a) Tne first route was from ILibby Army Airfield direct-
1y to llescal Intersection, V66 to Tucson VOR, V16 to Phoenix VOR, V105
to Prescott VOR, and then un approach to Prescott Municipal Alxport.
After a low approach, the route was flown back to Libby AAF, This route
was flown five times in a U-6A airplane (one night flight).

(b) The second route wes from Iibby AAF directly to Mes-
cal Intersection, V66 to Yuma VOR, and an approach to laguna AAF., After
a low approach the route was flown back to Libby AAF. This route was
flown four times in a U-6A aircraft; one night flight was made in a U-lA,

(¢) The requirement to drav the master plotter charts
(from which the charts used were duplicated) was placed on the corr:la-
tor section. The cartographer vho vprepared the charts was highly exper-
ienced, Only one cartographer could work on a chart at a time. 7% <b-
tain the desired accuracy the cartographer spent approximately 90 manr-
nours (during two weeks) to prepare the two charts for “he routes 1 wn.
The route to Prescott was 232 n.me., and the route to laguna AAF vas
264 neme The finished plotter chart was apnroximately 15 feet lon~,

(2) Prescott Flights.

(a) The first two flights to Prescott revealed & charte
ing error in the location of the VOR and airport, After this sectinn
of the plctter chart was redrawn, better results were obtained on the
third and subsequent flights in making an approach to the ailrport.

(v) On all flights to Prescott using PFIlS, the aixcuraflt
vas kent within the airway boundaries., On those flights where there va-
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i hrouole witr the equipment, it was noticed that the regoxd-
stylus war e sencitive to deviations from course than the VOR

Al2, (n mest £lights, PFHS would indicate station passape over a VCR
within 50 yerds (crtained by noting sbation passage or the VOR indicater
ard a vi~+ . . Terence Lo the VOR transmitter or the growad). In detrr-
vinir intersections m the alrway TTUS was as accurate as the VOR

e o e o,

indicator.

(¢) Best results were obtained oa the fifth flight, After
a l-w approach, which brought the aircraft within 100 yards of the run-
way centerline, the air-raft was flown ts Wickenburg, off the plotier
thart, to pilok up 2 pacsenger, and was then flown tc intercept V105 be=
tueern Dook Gpring and Cave Cneek Intersestlsnse The equipment lost a
few Jance, Tt wken 1t vas updated using the lare Tdentifiers (LI's) it

PRV

tracked very well vack tn Idbby LAF. It was noted that all intersece

L33 anl chatisns were reo. xiled very zlosely to their true position,
(4) On all £lights the aviator had to devce 75 to 90 per-
cert of hic attention to IFNS eorpuler d&lzplay untt (CDU).

(¢) 2o flights could rob% bhave been completed wader acte
wal, Ianstrument cunditicus,

(3) Yuma Flights,

(a) me flights tc Yurma ylelded consisteatly pacy re-
sults, On *three of the flights, falx results were chtaized enroute with
intersecticns and stations recorded cloce to thelr actual ircation, VWhile
the alrcraft conld we kept oz the alyway by uslug PENS 1t 2ould ot have
been ueed £ nmelz a flisht 4o laguna AAT woder dnstruent £light condle-
tinns. L approach Lo Iagaa AAT using PINS was ixposelble on all flighi=,
This moy hwave been dne o charbing erxror and pattern shists in that oxea,

(v) ‘o skese flights 20 pexcent of the aviator's tine was
devoted to checking ai®l updatirg the I,
(e¢) iire uf these fliguts cculd have been complsted uder

dw o

sctual instrument corditiorns,

A, A .
de Mindings,
Emitnibl

O

(1) ¢ much time was required to draw the plotter cherte,
(2) The plotter charbe limited tie aviator's fligbs path to

that plottel, If AIC clears the aircraft by a d&ifferent rovie or to an

altexrnate alrpnrt, “hen the chart previsusly prepared is uncsable,

(3) ¢nall flighs

5
abtention £ chesiing and updating the I,
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(%) Ty using FFIIS, eircraft were kept within alrway
limits, and locations over checkpolnts were determined as accurate~
1y as with present naviyation systems, WHEN the radiated pattern
vas stable, the transmitting and recelving sets did not malfunction,
and the plotter chart was accurately drawn,.

(5) Accurate approaches to the destination airpoft could not
ve made conslstently with the equipment tested.

e, Conclusion, Because of the combination of transmitter and re-
nelver unreliabiIEty, repeatabllity error, and probable mapping and FFRS
¢rid errcrs, AN/GRN=-14() PFNS cannot be used as the sole méans of navi-
gatlon undex actual instrument flight conditions.

Subtest Mo. 3 = Alxr Traffic Control Test

Thls cubtest was not accomplished because of the lack of air traffic
volume and operating personnel to conduct the test.

Subtest No. 4 = Aerial Positioning for Surveillance

This subtest was not conducteds A thorough investigation by
exzineers of the US Army Aviation Test Roard determined thet instale
tlon space was not available in the cockplt and the eleobronlce com-
partment of ihe "B" and "C" model OV-l for the present configuration
2f the AN/Giil-14{) PFNS airborne recelver,

Subtest No. S5 « Minimum Chart Requlrements

a. Purvose, To determine the minimum plotter chart require-
ment for airborne use in the fleld army.

be Critexria. None established. A determination shall be wmade
on the nmumber and configuration of plotiter charts for general aviation
use,

c. Discussion.

(1) Tee minimum plotter chart requirements per individual
aviator for AN/GRN-14() PFNS operations in the field army area ars
estimated to be six mylar plotting rolls of four charts each, two of
the charts on each roll being of l- and 2-lane increments, and the
remaining two charts being of 3= and 6-lane increments, The 90w, 60=,
45-, and 30-degree pattern should be selected., This will give each
aviator a primary chart, a secondary chart, and two skew charts for

A AN 1 g g g A" 2  ann e . - <
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plotiirg in six possible comblrstions to cover the ares for approximabely
90~percent of his mission. ,

(2) Iz view of the massive training problem involved with each
aviator in an aviation unit, the wnlt operations section should include
a PFNS plotting teams This team would plot master charts for all area
missions, The individual aviator assigned to fiy a mlission would then
plot his chart by the overlay method from the mastr» chart wsing pencil
or other manner to permlit cleaning and reuse of his charts. The use of
mastex charts would prevent having to schedule the same pllot for each
recurring mission, and would result in a savings of time in getting the
£1ight off the ground. As a further aild in updating the master charts
the aviator could transfer culture and other items of interest to the
master chaxrts at a post-mission briefing.

de Concluslons,

(1) It is not possible at this time to estimate the master chart
requirement for even a division aviation battaiion.

(2) Baced upon the above discussion and findings gf Subtests

2 and T, & cooxrdinate converter ox» equivalent equipment is needed which
would permit the use of standard aervnautlcal. charts and tactical mape,

Subtest No. 6 = Loss of Reception

a. Purposes To determine the effect of loss of rezeption of one
r more slave transmitters on alr ravigatiorn.

b. Criiteria. The PFNS shall provide ensugh informatioa to allow
the pilot to navigate a reasonably accurate course comparable to thatb
possible when using a magnetic compass not annually compensated.

Ce Method.

(1) O nearly every flight during the period May thxough Juze
1963, at least o.2 slave s*atlon became inoperative, thus giving data
for this subtest. Ir. addition, the dasily electrical storms ix the ares
caused the receirvszrs to break lock frequently or become s¢ erratlic Lthat
it was lmpossible t¢ navigate with IFNS,

(2) Flights were conducted i (OV-l and USAF C-130 type aire-
craft. The flights were conducted under both VFR and IFR (dey) condi-
tions in the Fort Hauchuca local area, and over a route from Tibby AAF
te las Vegas, Nevada, and return. The altitudes ranged from 100 feet
absolute to 22,000 feet mesels
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El) All PFNS plotter charts are prepared using oﬁly two slave
shations (designated by colcrs) plus the Master statione. When one of
the two slave stations programmed went off the air, tracking beceme erra-
+ic end the position lane indicator (PLI) readout information for that
slave station vas unreliable,

(2) Most actual missions could not be completed using PFNS when
reception of one or more slave stations was lost,.

¢. Conclusions.

(1) Ioss of reception of one slave station can hamper comple~
4ion of & mlission if the aircraft is located withir, .ertaln areas of the
paticrn in relation to the lost statione

(2) 1Ioss of reception of two slave stations will prevent cou~
pletion of a missiorn if AN/GRN-14%() PFNS 1s the only means of navigation.

Subtest No. 7 - Remote Area lLending

a. Purpcse., To detexmine 1f the FFNS can be used as a sole means
of navigation in takecff, enroute, and on the approach to a remote area.

be Criteria. The position information galned from the FFNS aire
borne recelver shall be sufficlent to pemit safe takeorf, navigation,
and approach to a designated remnte landing area vhile engaged in instru-
mert £light baving minimums of 300 feet ceiling and 3/8-mile visibility
both at takeoff and landing.

ce. Method,

(1) This test was conducted using Kearnmey Alrport (epproxi-
mately 90 neme NNV of Iibby AAF, Fort Hmachuca) ard two strips in the
South Range area of IFort Huachuca. A total of seven flights were wade
to Kearney Alrport, two of which were at night. A U-lA was used fou
one flight, and a U-6A for six flights. Five flights were made using
the strips ir the Scuth Range. Iwo of these flights were made in g
UH-19D and the remainder in a U-6A. No night flights were made in this
area due to the close proximity to the Hunachuca Mountains and the poor
results obtained during the daytime, ’

(2) Approximately two weeks were required to draw the plot -
ter charts,

>
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(1) Tue f£irst two flights to Kearmey Airport revealed a charte-

ing error in the position of the airport. On all flights to Kearney Air-
wre, oxcelleat tracking and positioning over plotted landmarks were ob-
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baied., Afber replstiing the sirport, a maximum error of 100 yards, with
4 e avercge vwebween Oy srd 50 yards, was recorded during low approack to
the alrport., Upon return to Iibby AAF, the alrcraft was within 100 yards
:f the runvay cenberlines On a few flights, the alrcraft was brought
Azwn the cenbor oFf the muway. ‘

(2) e accuracy -Ltained a% Kearrey Alrport was due pri-
rgrily Lo the proxdmliy to the Greon baseline., The variations recorded

at-ﬁbby AAR zould be due to pattern shifts and anomalies in the ares. N

et

rerty~five percent of the aviator's time was i
ngr the compuber display unit (CDU). K

(%) Tze fiighbs to She strips in the South Farnge were consis-
sently off the derired grownd track, Some destingtion exrcrs were as
Targe a3 cne ile, I PFUS had been foliowed without wvisval reference
t; the ground, the aircraft could not have been fiowa out of the caryo:n
in which one c¢f the strips was located, The errcrs cn these charts could
have been dne to a shift of the PFNS grid from that printed on the
1:50,000 wmap: O Fort Heachica. IU was noted that the strlips and idbby
AP 446 nct concistently fall in the same place on the plobiter charts,

(3) Fifsy Lo

ev
~pent checking and updati

7.”

¥
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(5) EBichty to uinety percent of the aviator!s time was spent
checking and updating the CDU.

PA TR
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(1) . rash time vas reguired 4o drav the plotter charss,

(2) he pletter charts greatly limited the aviator's flexibility
The eleven inches of plotter chart wonid

renresernt a distance renplng from & fev hwndreld yards to severe’ wiles,

Tre distances variel with his pocition 1z “ke pattern and wlth Yhe pasttern
P the plobttexr charxt . that were used, IT lustructions wers wecelved o

wxoceed Lo a cifferent destination, tihe coart plotted conld nct be used,

rejulring manvel ~lotting with maps overyrinted with tre DIUS grid.

o WA

in accomplishing hic mission,

iy

(3) The wreliakilisy of tlhe system during the test reguired
the aviatsr to devobe too muck time to chs ki 1g and updatisz bthe eguipe-
pent, This ddvizion £ hie atteabing T the £light irstrisests crsabed
an wnsafe conditim, especlally Auvring ray-of-the-earth fligrt,

£, Conclusion. With present sgnlivsat, gk. 3 TO wéwmihe aress
are nch practical 'W’n“ the arikeria ceb friuth ia the test jlar (3u fest
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ceiling ard 3/8-mile visibility), The combination of transmitter and
veceiver unreliability and provable mapping errors which contribute to

the reduced confidence level of the aviator drastically limitsthe appli-
cation of PFUS o such flights,

Subtest Nos 8 = Manual Plotting (Aircraft)

a« Purpose. To determine the feasibility of manual plotting of an
alrcraft position on an extended flight.

b. Criteria. The syster shall provide suitable position informa-

tion so that tke aviator may plot his position manuwally on a chart ime
posed with a PIFNS hyperbolic overlay.

ce Method. Two flights were made to gather dats for this test.
The first was in a U-lA using 1:50,000 maps overprinted with the PFNS
grid, and the second flight was in a USAF C-130 from I&bby AAF to

laguna AAF. The aircraft position was plotted every five minutes for
forty~five minutes using 1:250,000 maps.

d. Findings.

(1) Accurate positions could be plotted on 1350,000 waps; howe
ever, this scale map was too unwleldy for use in the cockpit.

.

(2) Satisfactory positions could be plotted using the 1:250,000
maps.

e, UConclusion.. Manual plotting 1s feasible but impractical to de=
termine positilon and to navigate on an extended flight,

Subtest No. 9 - Comparison Test

This subtest +as deleted because of the consistent inaccuracles
obtalned in previous tests.

-

Subtest No, 10 « Re=Orientation by

Position Idne xndlcators and PFNS Map

aes Purpose. To determine the feasibility of reoxientation and

navigation to original destination by using position lane indicator and
PFNS mape

be Criteria. The receiver shall provide usable position informa-
tion so that & dlsoriented pilot can determine his true position and




navigate to ais original destination using position lane Indicators and
FFNS map,

c., Discussion.

(1) Two flights were made in a UH-19D in conjunction with the
long Range Patrol Test, Maps of 1:50,000 for the Fort Huachuca area
were used 4o orient and navigate the helicopter when dxopping and pick-
ing up the patrol,

(2) An extended £1ight in a U-6A was attempted using only PLI
and PFNS maps. Because of wmalfunction of the airborme raceiver and
unknown activity by the ECM team, no useful datawers collected.

(3) Subtest No. 8 has a correlation with this test,

de Fin Se

1) Approximate position cowld be determined using the PLI and
a FFHS map.

(2) Navigation from one point to another could be accomplished
using only the PLI and FFNS map; however, this was an unwieldy operation
because of the size of the map which was aggravated if more than one map
wes required for the flight. A high degree of accuracy cannot he exvect-
ed with this method; however, using this method of orientation and navie-
gation, the aircraft could be flown to within visual contact of a desired
location (to an area).

e, Conclusion. It is feasible to rcorient an aircraft and to navi-
gate to a desired area using only PLI's and PFNS map. Because of the wn-
reliability of the test equipment, this procadure should not be followed
over wnfamiliar terrain or under conditions of reduced visibility and
celling.

Subtest No. 1l - Utilization of Airborme Recelver

in an Armed IOH Aircraft

as Purpose. To determine the stability of the airborme receiver
in an armed rotary-wing alrcraft during maneuvers and firing in the
accomplishmeat of a combat mission.

1o Criterls. The display system shall be able to withstand the
stresses caused by the maneuvers and firing of the guns without damage
to the equipment. The plotter shall produce a clear, readable tract at
all tiries with no slippage during violent phases of the maneuvers. The
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equipment skall bave an accuracy sufficlernt to allow the pilot to deviate
from his proposed route of £light and to remain oriented at all times.

d. Method, Two flights were made with & PFNS receiver and come
puter disp.ey uwnit mounted In an armed Uli~-1B hellcopter. Various flight

attitudes and maneuvers vere performed at speeds of O to 130 knots, in-
cluding iive firing runs.

d. Fingégﬁﬁ.

(1) The helicopter vibrations in flight had no adverse effects
on the PFNS equipment, and in particular upon the stylus tracking of the
cou,.

(2) During the firing of the armament subsystems, the stylus
deflected to the right or left (predominately to the right) one~six~

teenth of an inch, and held the deflection until firing stopped.s Thils
small deflection could be caused by the electrical field set up by the

heavy duty solenoids used to activate the armament subsystem during
firing.

e. Conclusion. Mareuvers and firing by an armed helieoi:ier have
no adverse effects upon the PFNS equipment, The small defleciion noted
would not affect the useful employment of PFNS since the firing occuxs

in the target area, and the stylus returns to the track for the depar-
ture from the area,

9

—FONUFFIiGiAs. USe GNEY




SECTION II

Deficiencies and Shortcomings

A. Deficiencies.

Deficiency

1, Cross~-checking and
updating the computer
display wnit (CDU) re-
quires excessive time.

2. Plotter charts re-
guire too much time to
prepare and greatly limit
aviator's flexibility in
mission accomplishment.

3. Transmitters and re-
celvers are not reliable,

4, Adrborne equipment is
not compatible in size and
weight with present and
proposed Army aireraft.

s Shortcomings.

Shortcoming

1. CDU occupies too

much penel space and
some controls are in-
accessible.

Recommended
Corrective Action

Automatic updating
should be designed
into future receivers.

Incorporate a cooxrdi-
nate converter, or simi-
lar equipment to permit
the use of standard
aeronautical charts and
tactical maps.

Increase equipment
reliability.

Reduce size and
Weightn

Recommended
Corrective Action

Repackage CDU into a
plotter assembly and
separate computer/
control unit,

10
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Remaxks

Automatic up~
dating is man-
datory in one=
man alrcraft or
high=pexrformance
aircrafte.

Use of standard
maps will aid
swift mission
reaction time,
regulre less
overator train-
ing, and delnte
requirement for
a section of
cartographers to
prepare plotter
charts,

[
Equipment should
be at least as
reliable as cur-
rent navigation
equipment,

Remarks




Shortcomin

2. Single no-signal~
warning (NSW) light
.glves no indication of
vhich transmittexr has
malfunctioned,

3. Flight charxts are
difficult to load.

L, legator springs
break or nome off
spools.,

5. Stylus positioning
~ontrol ("Jjoy" stick)
w11l not move charts or

stylus vhen set 1s in the

"receive" position.

6. TFast lock function
missinr it no chaxt
head in CDU,

7. Switches on the
digital display unmit
are too fraglle,

8. Tracking stylus
clogs easily and is
very difficult to fill
with ink,

Recommended
Coxrectiye Action

Provide a positive
NSW light for each
transmitter,

Design a rapideloading
method for the chartse

Replace or redesign
chart rewinding
mechanism,

Redesign circuitry so
that stylus and chart
can be moved when set
is in the "receive"
positioa,

Rerosition fast lock
swltch from chart
head to computer unit.

Replace with switches
baving shcrter handles
that are more rugged.

Replace capillary pen
with a more reliable
recordirg device which
is easier to load.

Remarks

Such a method
is necessary

to pexrmit chan-e
of charts in
flighte

Corrective action
is necessary so
that stylus can
be positioned
while set is warme
Ing wp or in case
the transmitters
have lost lock,

For some milssions,
a chart will not
be required, but
fast lock func-
tion is needed
during warmepe.
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Human Factors Bvaluation of the PFNS Navigation System Aircraft i
Display Unit .

le The PFNS alrcraft display wait is totally unsatisfactory from
the humen factors shandpoint. The units presented for evaluation were
far velow winimnm standards for present-day navigation equipment,

2, The human factors deficiencies of the PFNS display are, in :
large part, due to unsatisfactory contractor performance, but it is ,
also apparent that fallure of the Army to provide early and consistent
professional humen factors monltoring of the display development has
contributed materially to its present unsatisfactory state.

3¢ This paragraph will confine ltself to major deflcieacles of the
PFPNS aircraft dlsplay which are genera’ in nature, .

a. The genexal lack of rellability of the present equipment
precludes the pillot confidence required for operational use of this type
of navigasbtional systems To be used for tactical operations at low al.-
titude in rourh terrain, it is essentlal that the system have a reli-
ability better then wost past navigational systems.

be The PFNS display unit appears to have been developed withe-
out consideration given %o the panel space avallable in Aray aircrafs,
except foxr late in its development when trying to fit the hulky display
wnit into Army aircraft was finelly givea consideratione Consicderation
nf spare deponds in the Army aircraft cockpit indicate that the presernt
aisplay wait chould be divided into three wailts, (1) a relatively com-
ract digital display ualt and control Lead, (2) the plotting chart de-
cigred so that it may be placed and used irn an approximately horizoatal
position behind the glare shield or as a lap wnit, and (3) a third wnit
placed behind the panel containing electronics presently incorporated
into the display uwalt,

c. 'The PFNS chart requires excessive planning time for its
sucecessfWl use in a tacticel environment. A rapid response time of
several mirutes 15 imossible using the charxte, and attempting o set
uwp & chart within an hour or two requires qLick estimates vhich will
increase the operationel error assocleted with chart usage.

essive athen-

exce
1t may be

ds Usge of the charbs during flight requires
tion oxn the [axht uf the pllot, It should be noted that

12
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posaible to accomplish practically all tactical missions by utilizing
oaly the digital display counters, Almost all planning time would be
eliminated and in-flight attention requirements would be considerably
reduced,

e+ The lack of directional and distance reference in using‘
the system is a serious drawback for operational use, The pllot needs
something "on which he can hang his hat;" and when direction and dis~-
tance wnits have no definable values in referring to the terrain, serious
operational confusion 1s inevitable., The present highly distorted topo-
loglcal representation of terrain 1s unsatisfactory for Army aviation
use, An X-Y convertexr appears required to avid the confusion resulting
from lack of reference values. This converter would make possible di-
rect communication and employment using the military grid reference syse
tem, and should also permit the use of standard tactical maps in the
plotting unit, These features would greatly enhance the tactical
employment of the system in Army alrcraft. .

f. In its present form, the equipment is extremely inflexi-
ble. You are committed with the established chart program. There-
fore, the <ystem cannot be relied upon for use in a rapldly changing
tactical environment where changes in plans may frequently be re-
quired, Failure during flight to change chart programs at exactly
the specified point way result in conslderable effort being required
to get the plotting unit back on the programmed schedule.

g+ The alrcraft display lacks positive indications required
for Army aviation use. Many of the indications are subject to ambiguis
ties and uncertainties which must be resolved by the operator. These
resolutions require considerable mental attentinz and manipulations
which should not be imposed on a pllot operating at lecw altitudes,
ALl information with the exception of the plctting bug should be made
positive in nature by avtomatic updating rather than by actions and
decisions on the part of the crew.

h. The alrcraft display unit was generally poor in regard
to the particular characteristics of controls, displays, and lighting.

4. This paragraph lists specific deficiencies or shortcomings .
of the PFIS alrcraft display wnlt and the operations associated with
its use.

a. The maps providing the PFNS zrid overlay are reproduced
in black and white., This makes them cluttered and difficult to read,
particularly vhen the PFNS grid overlay is added to the clutter.

b. Due to the clutter 1t i1s difficult to determine “he PFNS
cocrdinates of a given geographic feature. When the PFNS coordinates
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intersect abt a small actie angle, detexuining PFNS coordinates is
varbiowlarly difficult,

ce Selection, programming, end anmotation of charts is a
A1fficult and tlme=consuming process that will not be practical under
vactical conditions requiring rapid response.

d. The chart requirzs an excessive amount of care for 1ts
insertion in the plotting unit.

e. Changing the plotting ualt in flight requires an exces=
sive amount of manipulation on the part of a single crew member. If
alone, a pllot will probably have to land his aircraft in oxder to ac-
complish a plotter change, -

f. If a0t inserted properly the chart may bind, leading to
the drlving sprockets ripping the chart and precluding accurate advance,

g Successful chart code changing while in £light demands
excessively accurate position at the time of the change, and the code
change to Le accomplished exactly at the moment indicated by the chart,

he Overall, the contribution of the plotting unit to tactical
effectivencss does nol appear to warrant the problems which it generates.,
If the sy-ten had satisfactory reliability, the most useful aspects of
the plotting chart would be when following special routes oxr coxrridors,
or when using it for a low approach to a laning area wader IFR conditions.

1. The X=~Y plotter switch circultry should he redesligned so
the chart may be woved while the walt is in operation.

Jo It is doubted that both PFUS coordinate and X-Y coordinate
plotter sleving switchkes are Jjustified by the additionsl pexformances
coparility reoulting from botk types. A single eighb-position slewling
switan woull appeaxr satlsfactory for accomplishing required slewing.

ke The plotting wnit should be removed from the combined
rresent dlsplay unit,.and designed so that it may operate in elthexr vare
tiral or horizontal orientation as elthex ar alrcraft-mounted ox lap-
~ounted display vnit,

Yy

1., Mwerous slewing switches were tuo long and fraglle, MNove
mal switch precsures resuited in thelr damage, and a resulting Jiffi-
andty in their subseguent use,

m. Some of the push buttons were excessively sgmall in dlameter
for the arownt of pressure required agairst thems They alsv provided
r» action feecdhaclk to the operabtor other than by visual moaitoxiag 2 i

M e mie
ATy Y a o o nnbnmn
8 TINTLLLE COUNLRTS .,
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ne Counters were found to cccasionally hold with a between-
iglits position centered rather tham one of the dliglts being centered.
This resulted in ambiguity as to which digit was correct, and was found
at positlions other than the units counter.

0. The screens over the lane ldentifier counters were erratic
in operation. The requirement for this set of lane identifier indica~
tions should be eliminated from the display by waking the lane and line
counters pcsitive in thelr indications The ambigulby of the present
position comntexrs contribute significantly to the difficulty of using
the equipment, Present requirements for crew resolution of these am~
bigultles should be elimlnated,

VA b LIS e T e

Wy

-

[T,

Pe The no-signal warning light and the frequency-shift warning !
light should be changed from red to amber and provided with intensity :
controls, Preferably the intensity should be regulated through the ;
regular panel intensity control switche. The frequency-shift warning :
light and the fast-lock switch should be moved onto the diglital display
wit or near the code selector unit. The no-sirmal warning light should §
be divided into three separate lightse-one for each channele-in oxder to i
avoid the ambiguity associated with the present warning light. These
shou)a be placed adjacent to thelr respective couwnbers.

ge The code-inmut switch should be provided or redesigned
with some positive irdication of code insertion. The On-Recelivew
Piot~-Dimming function selector switch should be changed to a pointer=
type rather than a skirted circular type of kaob, The extra detent
position in the plotter dlmming range should be eliminated. Provision
for dimming on the digital display unit should be provided, preferebly
on the regular cockplit dimming switch,

r. Intensity of illuminetion varied excessively over the dls~
play wnit, The X~Y slew and code selector illumination was considerably
brighter than that of the digltal position comaters, and would p=obably
intexfere to some extent with reading the counters. Illuminatlon on tke
plotting unit falls off rapidly avay from the row of lamps. A more even
illumination permitting utillzation of the entire chart would be desirable,

s« The ink-filling plotting pen 1s regarded as excessively mes-
s¥y. A dry pmcess plotter, if practical, would be desixaeble,

t. The alrcraft display unit using hyperbolic coordinates lacks
the flexibility required for Army aviation operations. The lack of dire
ection ox distance reference makes it difficult for the aviator to plan

15




Rl BY N R St s ety e

HF BEvaluation of the PFAS 13 Nov 63

in PFNS noordinates while in flight., It will not be practical with FPFNS
to attembt the in-flight planning that is frequently required in Army
aviation operations.

/8/ Robert He Wright
. [t/ ROBERT E; WRIGHT, Fh: Ds
Research Scientist

.
dz

S F et Y st ek Ten P ol e am&ﬁ,‘,;,si:‘

B e

o o




